Background. Accelerated atherosclerosis and vascular calcification are common in chronic haemodialysis (HD) patients. In this study, we aimed to investigate the relationship between left ventricular hypertrophy (LVH) in HD patients and atherosclerosis and vascular calcification measured by electron beam computed tomography (EBCT). Methods. In a cohort of 118 HD patients (52 male, 66 female, mean age: 46±13 years), we measured biochemical parameters, including BUN, creatinine, albumin, haemoglobin, C-reactive protein and fibrinogen levels, and performed echocardiography, highresolution B-mode carotid ultrasonography and EBCT in 85 of them. The degree of stenosis was measured at four different sites (communis, bulbus, interna and externa) in both carotid arteries. Carotid plaque scores were calculated by summing the degrees of stenosis measured at all locations. Results. LVH was detected in 89 of the patients (75%). Plaque-positive patients had higher left ventricular mass index (LVMI) than plaque-negative patients (175±59 vs 143±46 g/m 2 , P ¼ 0.003). LVMI was correlated with systolic blood pressure (r ¼ 0.62, P<0.001), pulse pressure (r ¼ 0.58, P<0.001), haemoglobin levels (r ¼ -0.25, P ¼ 0.008), carotid plaque score (r ¼ 0.32, P ¼ 0.001) and coronary (CACS) and aortic wall calcification score (AWCS) (r ¼ 0.34, P ¼ 0.002 and r ¼ 0.43, P<0.001, respectively). Multiple linear regression analysis (model r ¼ 0.76) showed the independent factors related to LVMI to be systolic blood pressure, pulse pressure, CACS and presence of carotid plaques.
Introduction
Cardiovascular mortality in chronic haemodialysis (HD) patients is much higher than in an age-matched general population, especially for younger individuals. Possible factors behind this observation are the early development of left ventricular hypertrophy (LVH), atherosclerotic heart disease and arrhythmias in HD patients [1] . LVH, a strong independent predictor of cardiovascular mortality [2] , stands out among those factors as being the one that is potentially preventable and reversible [3] . A number of factors present in HD patients-including hypertension, hypervolaemia, anaemia, arteriovenous shunts and increased sympathetic activation-are implicated in the development of LVH [4] .
Attention has been drawn previously to the close association between arterial changes and cardiac hypertrophy. London et al. [5] indicated that a correlation exists between arterial elasticity and left ventricular mass index (LVMI) in patients with endstage renal disease (ESRD). Similarly, a correlation exists between LVMI and the intima-media thickness (IMT) of the carotid artery, another marker of atherosclerosis [6] ; and we recently have reported a moderate correlation between LVMI and endothelial dysfunction [7] . Taken together, these findings suggest an association between atherosclerosis and LVH in HD patients. While such an association has been reported previously in non-uraemic patients [8] , to our knowledge, the association between atherosclerosis and LVH in HD patients has not been studied before.
In addition to atherosclerosis, another common arterial change in uraemic patients that is related to arterial stiffness is vascular calcification. Guerin et al. [9] showed a correlation between vascular calcification and increased aortic stiffness, which is implicated in the development of LVH in HD patients. They found that LVMI increased with rising vascular calcification scores, but not to a statistically significant degree. Since they evaluated arterial calcifications with a non-invasive and semi-quantitative B-mode ultrasonographic method, a more sensitive and quantitative assessment of vascular calcification might have given a more definitive answer. Electron beam computed tomography (EBCT) is a commonly used technique to measure coronary calcification. A number of studies using EBCT have shown an increased risk of vascular calcification in HD patients [10, 11] . However, there currently are no available data on the association of vascular calcification, measured by EBCT, with LVMI in HD patients. Thus, we undertook this crosssectional study to investigate the possible association of LVH with atherosclerosis and arterial calcification as measured by EBCT in HD patients.
Patients and methods

Patients
In this cross-sectional study, we enrolled 118 HD patients (52 male, 66 female; between the ages of 18 and 65 years, mean age 46±13 years), who had been on HD for >6 months for a mean time on HD of 68±51 months (range 6-187 months). Table 1 depicts the demographic characteristics and the biochemical and echocardiographic parameters of the patients. At the time of the study, 101 patients were dialysed three times a week and 17 patients were dialysed twice weekly for 4 h per session, using blood flow rates of 250-300 ml/min and dialysate flows of 500 ml/min. All patients were dialysed with a standard bicarbonate-containing dialysate bath (Na, 138 mmol/l; K, 1.25 mmol/l; HCO 3 , 33 mmol/l; Ca, 1.75 mmol/l; Mg, 0.75 mmol/l). The aetiologies of ESRD in the cohort were: primary glomerular diseases (n ¼ 21), tubulointerstitial nephritis (n ¼ 24), diabetic nephropathy (n ¼ 11), other causes (n ¼ 25) and unknown (n ¼ 37). Of the 118 patients, 49 (42%) were hypertensive, on antihypertensive medications that included: angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers (n ¼ 18), calcium channel blockers (n ¼ 29), b-blockers (n ¼ 7) and others (a-blocker, nitrates or a-methyl dopa; n ¼ 30). Of the cohort, 88 patients (75%) were receiving calcium acetate (Phosex tablet 250 mg, 750-2000 mg/day) as a phosphate binder; 75 (64%) were receiving erythropoietin at the time of the study. Our examinations of the patients conformed to good medical and laboratory practices and the recommendations of the Declaration of Helsinki on Biomedical Research involving Human Subjects.
Methods
Blood pressure measurements were made manually using an Erka sphygmomanometer after a 5 min rest. Patients with pre-dialytic systolic blood pressures >140 mmHg or diastolic blood pressures >90 mmHg, or both, were considered to be hypertensive, as were those receiving any antihypertensive medication. The biochemical variables were: blood urea nitrogen (BUN), serum creatinine, calcium, phosphorus, intact parathyroid hormone (iPTH), magnesium, total protein, albumin, total cholesterol, high-density lipoprotein (HDL)-cholesterol, triglycerides and complete blood counts. Serum cholesterol and triglycerides were measured by standard enzymatic procedures. HDL-cholesterol levels were determined after the precipitation of apoB-containing lipoproteins by phosphotungstic acid. Low-density lipoprotein (LDL)-cholesterol levels were calculated according to the formula described by Friedewald et al. [12] which is valid in patients who have triglyceride levels <400 mg/dl: Serum iPTH levels were measured by immunoradiometric assay (IRMA) with a commercially available kit (DSL-8000, Diagnostic Systems Laboratories, Inc. Webster, TX). High sensitive C-reactive protein (hs-CRP) levels were measured by the nephelometric method (Dade Behring, Germany, Catalogue No: 0QIY). Blood samples for biochemical parameters and serum iPTH levels were drawn immediately prior to HD in a post-absorptive state.
Echocardiographic examination
Echocardiography was performed the day after HD using the Vingmed System Five (Norway) echocardiographic system equipped with 2.5 MHz transducers. M-Mode and 2D measurements were done in accordance with methods recommended by the American Society of Echocardiography. Criteria for LVH were LVMI >134 g/m 2 for males and >110 g/m 2 for females. Cardiac mass was calculated using the formula derived by Reichek and Devereux [13] :
Cardiac mass was standardized by dividing it by the body surface area, which was calculated using the Du Bois formula 
B-mode high-resolution carotid Doppler examination
Doppler ultrasonographic examinations were performed on 113 patients (96%) using an echocardiographic system equipped with 10 mHz linear transducers (Vingmed System Five). A trained sonographer scanned the common carotid arteries, the carotid bulbs and the first 2 cm of the internal and external carotid arteries, all bilaterally. The sonographer visualized the vessels in multiple planes, and then focused on the interfaces required for measuring the IMT and any areas of focal plaque formation. A local thickening of the intima >1 mm in thickness was defined as a plaque. IMT measurements were performed at a distance of 20 mm from the bifurcation in a plaque-free area of the common carotid. Measurements were done 3-4 times on both right and left sides, and the mean of these measurements was calculated and used. The intra-observer variability for IMT measurements was 4.2%, and the absolute difference between duplicate IMT measurements was 0.03 mm. Carotid artery stenosis was measured in four different locations (communis, bulbus, interna and externa) bilaterally. Carotid plaque scores (CPS) were calculated by summing up the degrees of stenosis in all locations in both sides. All measurements were recorded on VHS videotape for subsequent off-line analysis.
Electron beam computed tomography examination
EBCT studies were performed in 85 patients (72%) using an Ultrafast C-150 scanner (GE-Imatron, CA). The scan acquisition consisted of 40 contiguous transverse two-dimensional images of 3 mm thick sections extending from a level above the origins of the coronary arteries to the cardiac apex. The duration of exposure was 0.1 s per tomographic level, with a radiation intensity of 130 kVp, 630 mA. The images were acquired during diastole, with the ECG triggering at the 71% point of the R-R interval, using a 26 cm 2 field of view and a 512 Â 512 reconstruction matrix, and without a contrast agent.
Calcification was defined as a minimum of two adjacent pixels (>0.52 mm 2 ) with a density >130 Hounsfield units. The peak intensity (Hounsfield unit) and area (mm 2 ) of individual calcifications were calculated. As proposed by Agatston et al. [15] , a calcium score was obtained by multiplying the area of each region of interest with a factor indicating the peak density within the individual area. In addition, aortic wall calcification scores (AWCS) were calculated using images taken from the segment of aorta beginning 4 cm above the Valsalva sinus in the ascending aorta and ending in the descending aorta at the level of the diaphragm. Image quality and scoring accuracy were assessed by a single radiologist, blinded to the patients' clinical and other laboratory results, who carefully inspected each image and made vessel-by-vessel analyses of the calcific foci ( Figure 1 ).
Statistics
For statistical analysis, we used the Statistical Package for Social Sciences for Windows, version 10.0 (SPSS Inc, Chicago, IL). Between-group comparisons of continuous data for two groups were performed using the Student t-test or the Mann-Whitney U-test when appropriate. The 2 test with Yates correction and Fisher's exact test were used for 2 Â 2 contingency tables for non-numerical data, when appropriate. Correlations between numerical parameters with non-normal distribution were analysed with Spearman's rho correlation test. Comparisons of more than two groups were made with one-way analysis of variance (ANOVA) using the Tukey HSD test for post hoc analysis. In the stepwise linear regression analysis for predicting LVMI, the following parameters were included in the model as independent variables: systolic blood pressure, pulse pressure, haemoglobin, CACS and presence of plaque in the carotid system. Results are expressed as mean±SD unless otherwise stated. All tests of significance were two sided, and differences were considered statistically significant when the P-value was <0.05.
Results
On echocardiography, 89 of the 118 HD patients (75%) had LVH. A comparison of patients with or without LVH is presented in Table 2 . Patients with LVH had higher systolic blood pressure, diastolic blood pressure and pulse pressure than patients without LVH. In addition, the overall prevalence of hypertension was higher and haemoglobin levels were lower in patients with LVH. It is noteworthy that patients with LVH also had significantly higher CPS, CACS and AWCS than those without LVH. However, there were no differences in gender distribution, biochemical parameters (including calcium, phosphorus and iPTH), inflammatory markers (hs-CRP and fibrinogen levels), time on dialysis or weekly dialysis frequency between patients with and without LVH; in addition, the prevalence of the use of calcium acetate and the daily dose of calcium acetate were similar between patients with and without LVH.
Carotid plaques were present in 66 of the 113 (58%) patients. As can be seen in Table 3 , patients with carotid plaques were older, and had higher total cholesterol, LDL-cholesterol, pulse pressures, LVMI, CACS and AWCS than patients without carotid plaques. The CPS was correlated with CACS (r ¼ 0.40, P<0.001) and AWCS (r ¼ 0.51, P<0.001, Spearman's rho test). When patients were classified according to tertiles of CPS [group 1 (no plaque), group 2 (0<CPS<30) and group 3 (CPS >30)], there was a gradual increase in LVMI with increasing CPS, with the lowest LVMI in patients without carotid plaques and the highest in patients with a plaque score >30 (144±46 g/m 2 for group 1, 165 ± 63 g/m 2 for group 2 and 182±56 g/m 2 for group 3; P ¼ 0.007). A post hoc analysis showed a significant difference between group 1 and group 3 (P ¼ 0.005, Figure 2 ).
Of the 85 HD patients, 55 (65%) had evidence of coronary artery calcification. These patients were older, were on dialysis longer and they had lower diastolic blood pressures and higher phosphorus and fibrinogen levels, LVMI, AWCS and CPS than patients without coronary calcification (Table 3) . LVMI was also significantly higher in patients with aortic wall calcification compared with patients without calcification (196±64 vs 148±44 g/m 2 , P<0.001). The prevalence of calcium acetate usage (76 vs 67%, P ¼ NS) and the daily dose of calcium acetate (1357±395 vs 1400±392 mg/day, P ¼ NS) were similar between patients with and without coronary calcification, respectively. When patients were divided into groups according to tertiles of CACS [group 1 (no coronary calcification), group 2 (0<CACS<176) and group 3 (CACS >176)], LVMI was directly related to the severity of coronary calcification (144±49 g/m 2 for group 1, 163±43 g/m 2 for group 2 and 192±66 g/m 2 for group 3, P ¼ 0.004). Post hoc analysis revealed a significant difference in LVMI between group 1 and group 3 (P ¼ 0.003). This association was also valid for AWCS (data not shown). The patients with coronary calcification had a similar isovolumetric relaxation time, which is an echocardiographic index of diastolic dysfunction, compared with patients without calcification (127±22 vs 130±22 ms, P>0.05) The results of bivariate correlation for LVMI are given in Table 4 . LVMI had a strong correlation with systolic blood pressure and pulse pressure. In addition, a modest correlation was present for LVMI and diastolic blood pressure, CACS, AWCS and CPS; a weak correlation was seen with IMT and haemoglobin levels (Table 4 ). There was no association between LV geometry the prevalence carotid plaque, plaque score, CACS or AWCS (data not shown).
In stepwise linear regression analysis, pulse pressure, systolic blood pressure, CACS and the presence of plaque in the carotid system were found to be independent predictors of LVMI, with this model explaining 56% of the variability in LVMI in our HD patients. Haemoglobin, however, was not found to be an independent variable in this model (model r ¼ 0.76, P<0.001) ( Table 5 ).
In multiple linear regression analysis, age (P<0.001), time on dialysis (P ¼ 0.002), LVMI (P ¼ 0.003), diastolic blood pressure (P ¼ 0.03) and serum phosphorus (P ¼ 0.03) turned out to be independent variables for predicting CACS (model r ¼ 0.74). On linear regression analysis for predicting AWCS, age (P<0.001), serum phosphorus (P ¼ 0.001), CPS (P ¼ 0.026) and LVMI (P ¼ 0.03) were identified as independent variables (model r ¼ 0.75).
Discussion
LVH is common in patients on chronic HD, and it has been implicated as an independent risk factor for cardiovascular mortality in this population. In our study, 75% of the patients had LVH, which is consistent with previous reports [4, 16] . In addition to the effects of the well known risk factors, such as hypertension, hypervolaemia and anaemia, arterial wall changes and decreased aortic elasticity have also been described to engender cardiac hypertrophy in Table 3 . Comparisons between HD patients with and without coronary calcification
Coronary calcification
Carotid plaque uraemic patients [4] [5] [6] ; however, the exact mechanisms responsible for increased aortic stiffness in HD patients are unclear. In hypertensive patients, aortic stiffness is strongly associated with the presence and severity of atherosclerosis [17, 18] , which is common and accelerated in HD patients. Therefore, the relationship between atherosclerosis and aortic stiffness, on one hand, and the LVMI described in the non-uraemic population, on the other, may also be true for HD patients. In our study, the patients who had carotid plaques had higher LVMI than the patients who did not; furthermore, their severity of atherosclerosis paralleled the increase in LVMI (Figure 2) . In multiple regression analysis, the presence of plaque in the carotid system was an independent predictor of LVMI in HD patients. Together, these findings strongly suggest that atherosclerosis is associated with LVH in HD patients, as it is in the non-uraemic population. Previous data (e.g. correlations of IMT, serum homocysteine levels and endothelial dysfunction with LVMI) lend indirect support to this conclusion. Patients with ESRD have an increased risk of vascular calcification due to impaired divalent ion metabolism. Hyperphosphataemia or an increased calcium-phosphorus product, or both, are implicated as important factors underlying such calcification [11, 21] . It is consistent with these data that in our study serum phosphorus levels were significantly higher in the patients with coronary (Table 3) and aortic calcification (7.34±2.28 vs 5.91±1.80 mg/dl, P ¼ 0.002). It is generally accepted that vascular calcification in uraemic patients is localized predominantly in the tunica media of the artery [22] . However, atherosclerotic plaques tend to be calcified, especially in advanced atherosclerosis [23] . Indeed, in a recent morphological study, Schwarz et al. [24] reported that atherosclerotic plaques in uraemic patients were heavily calcified. Therefore, arterial calcification in patients with ESRD is the sum of intimal (atherosclerotic) and medial calcification; and EBCT cannot differentiate between the two. Accordingly, we also found a positive correlation between carotid atherosclerosis and both CACS and AWCS. Vascular calcification in ESRD patients, wherever its location, leads to aortic stiffness [9] , which is important for the development of LVH. In our present study, the patients with coronary calcification had higher LVMI than the patients without (Table 3) ; and the severity of calcification was significantly related to LVMI (Figure 3) . Moreover, in multiple linear regression analysis, CACS was an independent variable for predicting LVMI. These findings implicate vascular calcification as an independent risk factor for LVH in HD patients, regardless of its relationship to atherosclerosis. The association between CACS, measured by EBCT, and LVH has been reported recently in patients with essential hypertension [25] . This same study also noted a relationship with LV geometry. In our study, we did not detect any association between CACS and LV geometry. Uraemia-related factors, such as hypervolaemia and anaemia, may strongly influence LV geometry in HD patients and may blur any possible association between CACS and LV geometry.
In our present study, another independent variable influence on LVMI was pulse pressure. On a haemodynamic basis, pulse pressure, the pulsatile component of blood pressure, represents arterial stiffness and function of the large conduit arteries, whereas mean arterial pressure, a steady component of blood pressure, reflects total vascular resistance [26] . Pulse pressure is a significant predictor of cardiovascular mortality and LVH in the non-uraemic population [27] . Recently, both pulse pressure and aortic stiffness were associated with mortality in ESRD patients [28, 29] . However, the relationship of pulse pressure to LVH has not been assessed adequately in HD patients. Studying a small group of patients, Brahimi et al. [30] reported a possible association between pulse pressure and LVMI. In our study, HD patients with LVH had higher pulse pressures than those without LVH. LVMI was correlated with pulse pressure in univariate analysis (Figure 4) , and linear regression analysis revealed that pulse pressure was an independent predictor of LVH. These findings are consistent with results reported for patients with essential hypertension. Thus, considering pulse pressure in addition to systolic and diastolic blood pressure could be useful in the treatment of LVH in this group of patients. In conclusion, extra-coronary atherosclerosis and calcification of large vessels are independent predictors of LVH in chronic HD patients (in addition to increased systolic blood pressure and pulse pressure). Our findings suggest that the treatment of LVH in HD patients requires a multilateral approach, and not only blood pressure control. Since treatments of vascular structural disorders are emerging (e.g. regression of atherosclerosis by using statins or better control of disordered mineral metabolism), their inclusion in the armamentarium in current use could have further beneficial effects on the control and regression of LVH in HD patients, adding to the effect of improved control of blood pressure, hypervolaemia and anaemia. Early aggressive treatment of atherosclerosis and vascular calcification may even turn out to be a preventive strategy against LVH in HD patients.
